Abstract. Texture characterization of deformed rocks allows the confirmation of kinematically determined deformation processes occurring during geologic events at plate margins and in intraplate settings. The understanding of such processes is of both basic and economical importance to decipher deformation regimes, mechanisms and PresureTemperature (PT) conditions. The Guamanes Deformation Belt (GDB) is a shear zone at Sierras de Córdoba (Argentina) which extends approximately 45 kilometers parallel to the 64°50'00" meridian. Its width varies in between 1 and 4 kilometers and can be subdivided in a northern and southern tracts. The southern part has been already quite well studied with a complete description of its mylonitic rocks and the kinematic. Phyllonites in the northern tract and mylonites with phyllonites and non deformed rocks in the southern tract apparently separate two well defined domains of deformation. Two different deformation events, one ductile followed by a brittle stage, have been identified. We will present ductile textures developed in quartz veins included in strongly deformed granitic pegmatites which were intruded in the shear belt during the deformation. The data will be analyzed by regular texture analysis and viscoplastic self consitent simulations. The kinematic inferred from the simulations indicates a main reverse sense of displacement with a minor sinistral component developed in a simple shear regime.
Introduction
The GDB is a shear zone located at the Sierras de Córdoba (Argentina) extending parallel, by ca. 45 Km, to the 64° 50' 00" meridian. Its width varies along its strike in between 1-4 Km and it is possible to separate a Northern and a Southern tract. Martino [1, 2] defined the GDB shear zone and studied it with certain detail in its Southern tract, describing the mylonitic rocks that lie along it and establishing its kinematics. This last author recognized the prevalence of phyllonites in the north and of mylonites with intercalations of phyllonites and undeformed rocks in the south of the Southern tract. These rocks, according to Martino [1, 2] , separate two regional domains of deformation named A and B. Recently Lyons et al. [3] studied the GDB in its Northern tract defining rocks of the series of the mylonites lying inside it. They dated the last event that affected the belt in 360 Ma (Devonian) and proposed that the tectonic activity would have begun in the Early Cambrian. This belt would separate here two different metamorphic complexes named Pichanas (Domain B) and Cruz del Eje (Domain A) Complexes, that are respectively to the west and east of the shear zone. Two events of deformation have been identified in the GDB shear zone, in which a ductile stage is continued by another fragile one. The most conspicuous feature is a fanning mylonitic foliation, being low angle to the west and subvertical to the east, with an average foliation plane of N354º/70ºE. On this plane, clusters of quartz, forming stripe and stretching lineations, with average values of N30º-80º of strike and 20º-80º of dip, are recognized. The sense of displacement using diverse kinematic indicators recognized in different lithologies show that the Guamanes Shear Zone is sinistral with a strong reverse component and it is supposed that it has been formed by a simple shear mechanism. One of the several lithologies deformed by the shear zone are granitic pegmatites of which the sample 1162, that will mainly be investigated in the current presentation, is representative. Quartz veins, deformed jointly with the pegmatites, also cut through those pegmatites. The GDB shear zone does not affect the Achala batholith dated in 368 ± 2 Ma (U-Pb zircon, Dorais et al. [4] ), for what it is inferred that their age would date from the Early Palaeozoic. It should be noted that auriferous veins were also emplaced along the strike of the shear zone.
Figure 1. Scheme and photographs of the quartzite sample and coordinates used for the analysis. Micrograph of section XZ (perpendicular to foliation and parallel to lineation), and micrograph of section YZ (perpendicular to foliation and to lineation).
The Guamanes shear zone was probably developed when the Laurentian Precordillera Terrain docked against the pacific margin of Gondwana during Ordovician -Silurian times. After that a new terrain accretion occurred when the Chilenia Terrain was emplaced against the sutured Precordillera-pacific margin of Gondwana producing the Devonian reactivation of several shear zones including Guamanes Shear Zone.
Experiments
Several samples were collected from the described region. A photograph of the sample that will occupy the main part of the paper, named as 1162, is shown in figure 1 . The reason to focus in just one sample is two-fold: scarcity of space and the need for testing compatibility between symmetry assumptions and external markers and simulation procedures. The quartz vein is well separated from the granitic pegmatite region. Textures for the quartz vein were measured by both X-ray diffraction on a Philips MPD texture goniometer and by neutron diffraction on Tex-2 machine, GKSS, Geesthacht, Germany. Results are shown in figure 2 for the (0001) and 0) . The recalculation was made by usual tools of texture analysis (popLA and Beartex based softwares) including Orientation Distribution Function determination. Neutron textures were in principle used to allow a better statistical data recollection but the close match between X-rays and neutron results showed that there was no heterogeneity on the vein and that X-rays were a perfect tool for texture evaluation. Samples for X-ray measurements were grind polished until 2000 grit paper and later on polished with colloidal silica. Neutron textures are not shown because of the lack of available space. 
Simulations
There is always a lack of experimental data on the simulation of the development of textures in rocks. External markers, as foliation and lineation, together with grain shape determination should suffice to construct a trustable model of the cinematic of the deformation. However, conspiring against it are the many entangled thermomechanical processes through which each particular region has gone. A superposition of processes may erase precious information, like shear plane and shear direction usually reflected on foliation or lineation of the rocks. Sometimes it might also be that external markers are contradictory or misleading like, for instance, grain shapes and morphological textures, that can be modified at intermediate stages by recrystallization processes. In those cases, when the exact occurrence of the phenomena is unknown, the orientation of the main axes of the grains does not convey information than can be used on the analysis. One of the main purely geometrical characteristics provided by pole figures are the symmetries associated with the crystal symmetry together with the deformation symmetry. They are reflected on the symmetry of the pole figures and they should be respected and should be compatible with the deformation process imposed by any model [5] . The current paper shows an application of that principle on the deduction of the shearing plane and direction to be used on the development of a prospect scenario of the geological processes in the area. On figure 2 we have included the main symmetry elements of the pole figure. It is clear that because of the lack of a proper symmetry the pole figures can not be understood as a simple shear contained on the plane of the paper, which would be the first choice given the lineation direction observed on the rock. The shear direction suggested by the symmetry seems to be contradictory with the lineation direction. On figure 1 the traces of what are called lineation marks are evident. However we have drawn arrows indicating the shear direction perpendicular to those lines, on the interpretation that those marks are actually a consequence of fragmentation processes happening at approximately 90 o of the main shearing stress [6] . Those marks would be more of the kind revealed by Paterson [6] as happening at low confining pressures and called slickensides. Those grooves could be interpreted as showing an easy gliding direction along the slippery direction, with the steps on one wall facing the direction towards which the other wall moves [7] . However, when the failure is somehow cataclastic instead of a gliding character they run perpendicularly to the shear direction. Assuming that the symmetry elements of the pole figures are to be followed as main markers still we need a model able to produce a splitting of the <c> axes to produce two main poles (actually 4 because of the axes crystal multiplicity). That phenomenon would happen only in the case of having crystals reorienting with high sensitivity to the initial orientation. That means that only very few, probably 1 or 2, slip systems should be preferentially active at each moment. A polycrystalline Self Consistent rate dependent model, with capabilities to take in account the heterogeneity and anisotropy of each crystal, is used to simulate the behavior of the quartz vein. Each grain deforms homogeneously following a viscoplastic constitutive law (VPSC) [8] . The stresses and strains in each grain are unknowns related by a viscoplastic law and connected with their macroscopic counterparts by a Self Consistent homogenization micro-macro transition. This scheme allows each grain to deform somehow different from the rest depending on its orientation, anisotropy and previous deformation. The interaction between the grain and the matrix is solved by the Eshelby formalism [9, 10] by following the approach of Lebensohn and Tomé [11] . The crystal behaviour follows a potential law relating the applied shear stress in each plane and the Critical Resolved Shear Stress (CRSS) of that system . The total strain rate d in each grain is obtained adding the shear strain rates of each active slip system s: were S is the microscopic deviatoric stress, is the Schmid tensor describing the geometry of the slip system s in the single crystal, s m 0 γ& is a reference strain rate velocity, n is the inverse of the strain rate sensitivity, M is the secant viscoplastic compliance crystal modulus and ⊗ means the tensor product of involved quantities. The material behaviour on viscoplastic regime is described through the following expression:
where M is the overall secant viscoplastic compliance modulus.
The interaction equation relates micro (grain-ellipsoid) and macro d (polycrystal-HEM) strain rate differences, with micro and macro ( s ) deviatoric stresses differences:
where M is the interaction tensor, which is a function of the overall modulus and the shape and orientation of the ellipsoid that represents the embedded grain. The macroscopic (overall) secant modulus can be adjusted iteratively using the following self-consistent equation:
We considered 1000 initially spherical and random oriented grains. Quartz crystal is treated as hexagonal. We assumed that strain is accommodated by slip on basal 〈a〉, prismatic 〈a〉, pyramidal 〈a〉 and pyramidal 〈c+a〉 with the corresponding relative critical resolved shear stresses, 1, 6, 3, and 6, following values reported by Wenk et al. [12] . The stress exponent was taken equal to 30. In the present study, the strain hardening between slip systems is taken into account by adopting an isotropic hardening. Then, the evolution of the critical shear stresses is given by:
where are the hardening moduli which are taken equal to 3.
We performed a shear test over a plane tilted 5º around y axis and 20º around z axis, as it was suggested by de pole figure symmetry. The resulting pole figures are shown in figure 3 . The patterns are more laterally spread than the experimental ones. The difference in severity can be due to at least two phenomena. First, there are clues on the samples suggesting the presence of a second event of deformation that has not been considered. Second, quartz easily recrystallizes after certain amount of deformation. Recrystallization might be able to concentrate the components already developed by deformation. 
Conclusions
The analysis of the symmetries during deformation of polycrystals is frequently oversimplified on the assumptions about the main deformation axes imposed during the process. On rocks, and generally speaking, on structural geology there are many external markers that have to be carefully analyzed to deduce the external stress and strain fields that have been acting on the region of interest. We have emphasized here one of those markers, that usually goes unattended on simulations, and its symmetry. The symmetry of the texture itself is a powerful information even when it seems to be in contradiction with external markers as grain shape, lineation and/or foliation. In the current case we were able to simulate textures very close to the experimental results in a case that presented rather difficult to interpret patterns. The slickensides concept allows, once the symmetry of the pole figure is followed as the main marker, to interpret the lineation marks as the direction of occurrence of cataclastic failure at approximately 90 o with respect to the shearing direction. The textures are reconciled with external markers information once the symmetry of the texture is taken as the main track of the deformation process. The simulations allow elucidating the influence of the different tilting and rotation angles on the actual symmetry of the pole figures. The sharpnesses of the simulated components are low comparing with the experimental results and we propose to interpret that inconsistency as a consequence of recrystallization phenomena. Abstract. Evaluation of microstructure in films with large and perfect grains by the conventional X-rays diffraction methods is impossible when the shape of the diffracted peak reaches the instrumental one. In this case the dynamic scattering processes take place and the extinction phenomenon, related to the crystal microstructure, is observed. In textured films the diffracted intensity is affected both by grains orientation (pole density) and extinction phenomenon. The results of the microstructure investigation of the annealed and co-doped with Cu, Cl and Ga ZnS:Cu thin films using extinction phenomenon are presented. D8 Bruker X-ray diffractometer with an Euler cradle and two non-polarized Cu and Co radiations was used. Low and high index reflections were measured. The evaluation of thin film microstructure was performed by separation of the extinction phenomenon in pole density and determination of the extinction coefficients. The domain thickness was evaluated from the values of the primary extinction and the extinction length. The average domain disorientation angle was determined from the value of the secondary extinction. The dislocation density at domain boundaries was calculated from average domain disorientation angle and domain thickness. The influence of film microstructure on the incorporation of Cu and Cl dopants into ZnS lattice and as the result a decrease of the phase transition temperature are demonstrated.
Introduction
Polycrystalline thin films prepared by different deposition techniques commonly have texture. Due to a highly dynamic process of film deposition it is impossible to predict the texture and microstructure. The X-ray diffraction (XRD) technique for texture investigation provides information on the volume fraction of the sample with grains orientation in accepted format as a pole figure (PF) [1] . But PF, obtained from the integrated intensity of diffracted X-rays, does not contain information about the microstructure characteristics. The problems of the microstructure analysis of imperfect crystals, based on XRD peak broadening, have been elaborated in the framework of the kinematical scattering theory [2, 3] . However, the analysis of distortion fields associated with dislocations by means of evaluation of peak profile broadening does not give any reasonable results applied to real crystals with dislocation densities less than 10 8 cm -2 , in which dynamical scattering processes take place. An increase of grain size and an improvement of grain crystalline quality as a consequence of post-deposition treatments lead to a decrease of the diffracted integrated intensity owing to extinction phenomenon and reaching the full-width at half maximum (FWHM) of the diffracted peak to the instrumental one. The integrated intensity from textured thin films contained large and perfect grains is affected both by the grains orientation such as a pole density (PD) and by the extinction phenomenon. At the same time the characteristics of extinction are related to the crystal microstructural feature [4] and can be used for its evaluation. The conceptions of the primary and the secondary extinctions were introduced by Darwin and characterize two different phenomena [5] . The primary extinction concerns with the dynamical scattering and occurs in perfect domains with size larger than 10 -4 -10 -5 cm, while the secondary extinction depends on domains disorientation and takes place when the domains are sufficiently similarly oriented [5] . In our previous publication [4] the use of extinction coefficients for microstructure evaluation of textured aluminum samples was demonstrated. The proposed technique is based on some assumptions and thin films have their peculiarities as compound composition and thickness, so the application of this technique for thin films studied must be developed. ZnS with Cu doping can be used as green and blue emitting active layer in various optoelectronics devices. The operating characteristics of the devices, based on thin films, strongly depend on the thin film texture and microstructure (domain size, dislocation density, concentration of dopants, and effect of their incorporation into the lattice), which are determined by deposition technique and post-deposition treatment. Stabilization of Cu monovalent cation in bivalent Zn sublattice can be obtained by the use of Cl monovalent anion or Ga trivalent cation. It was shown in our previous work [6] that the phase transition of ZnS:Cu thin film from cubic to hexagonal structure can be observed at lower temperature by the use of Cl as co-doping element. In order to explain this effect it was proposed a model, based on thin film microstructure and dopants incorporation into ZnS lattice. The aim of the work is to investigate ZnS:Cu thin films microstructure after a special annealing and co-doping with Cl and Ga by the use of extinction phenomenon and to clarify the influence of dopants distribution in ZnS lattice on phase transition temperature on the base of microstructure characteristics, obtained from the coefficients of the primary and secondary extinction. As far as we know, the primary and the secondary extinction phenomena have not been applied simultaneously for microstructure determination of textured thin films.
Experimental details
The samples used for investigation consist of ZnS:Cu thin films deposited by electron beam evaporation method onto BaTiO 3 substrates with thickness about 1 μm after a special annealing at the atmospheric pressure. The annealing and co-doping of ZnS:Cu films were carried out at 600-800 o C by embedding the samples in the blend of ZnS powder with the compounds of Cu and Cl (Cu concentration was equal to 0.3 at % and Cl concentration was equal to 2 at. %). The ZnS: [Cu, Cl] films obtained after the annealing in the blend at 650 o C were also co-doped by Ga at 800 o C and 950 o C. More details about the samples preparation can be seen in [6] . The measurements of PFs, profiles and integrated intensities of diffracted peaks in the maxima of PFs were carried out using D8 Bruker X-ray diffractometer with an Euler cradle with Cu and Co non-polarized radiations. Integrated intensities for the films and ZnS powder standard samples with cubic or hexagonal structure were measured for low and high index reflections.
Results and discussion
Structural investigation realized in our previous work [6] showed that as-deposited ZnS:Cu films had only a cubic structure and very strong texture in <111> direction. The annealing of ZnS:Cu films in the blend at 600 °C and in the ZnS powder with and without Ga vapors at 1000 °C did not lead to any modifications of crystal structure and texture (ZnS phase transition temperature is 1020 °C). It was concluded that Ga with Cu act only as strong activators of recrystallization processes. After the annealing of ZnS:Cu films in the blend at 800 °C a strong phase transition from cubic to hexagonal structure for ZnS: [Cu, Cl] film was observed. An additional annealing in the ZnS powder with Ga vapors of ZnS: [Cu, Cl] films, obtained after the first annealing in the blend at 650 o C, leaded to a phase transition and the fraction of grains with hexagonal structure depended on the temperature of the additional annealing. The additional annealing at 800 °C leaded to a small fraction of the film volume with hexagonal structure and the additional annealing at 950 °C resulted in the phase transition almost in whole volume of the film. The model that explains such result was proposed in [6] and it is based on the influence of microstructure (size of perfect domains and dislocation density) on homogeneity of Cu and Cl distribution in ZnS lattice and the variation of the amount of Cu + -Cl -ionic binding. Therefore, these microstructure characteristics must be evaluated for confirmation of the proposed model. The PF for ZnS: [Cu, Cl] film with cubic crystal structure was measured for <111> crystallographic direction. As the diffraction peak position for 111 reflection from ZnS with cubic structure almost coincides with peak position for 002 reflection from ZnS with hexagonal structure, it is impossible to evaluate the volume fraction of the film in which structure phase transition took place according to 002 reflection. In order to obtain the information for sure from the hexagonal phase of ZnS: [Cu, Cl, Ga] films, obtained after the second annealing with Ga vapors at 800 o C and 950 o C, the PFs for these films were measured for <100> crys-tallographic direction. A strongly marked texture is observed for ZnS: [Cu, Cl] film with cubic crystal structure and ZnS: [Cu, Cl, Ga] films after the additional annealing at 950 o C.
The XRD peak profiles measured in the texture maxima showed that they were unsuited for microstructure evaluation. The measurements for the films and powder samples were carried out with Co-radiation at the same space position. The FWHM of the peak for 111 reflection from ZnS: [Cu, Cl] film, obtained after the annealing at 600 o C was 0.16 degree, while for ZnS powder sample with cubic structure it was 0.15 degree. The calculated FWHM of diffracted peaks for 100 reflection for ZnS: [Cu, Cl, Ga] films, obtained after the second annealing with Ga vapors at 800 o C was 0.16 degree and 0.15 degree for the film annealed at 950 o C, and for ZnS powder sample with hexagonal structure it was 0.17 degree.
For the application of extinction phenomenon for microstructure determination of ZnS thin films it is necessary to evaluate the changes of the primary extinction coefficient for different wavelengths used and for the first and second order reflections. The primary extinction coefficient can be explained within the terms of domain thickness l and extinction length Λ [7] :
(1) The extinction length for the symmetrical Bragg case and nonpolarized radiation can be presented by the equation [4] :
where v is the unit cell volume, r 0 is the electron orbit radius, F H is the structure factor, d is the spacing of the lattice planes, and C dyn is the polarization factor for dynamical scattering. The difference in the primary extinction coefficient for different wavelengths will appear according to the structure factor F H and C dyn . The thin films studied were ZnS compound. The wavelength of the K-absorption edge for S is 0.50184 nm and is distant from wavelengths used (Co-and Cu-radiations), but for Zn it is 0.12833 nm and is very close to these wavelengths [8] . So, the dispersion corrections for the atomic scattering amplitudes in the structure factor must be taken into account. The calculated values of structure factors and extinction lengths for different reflections and radiations used are presented in table 1. The obtained results show that the structure factor F H and the extinction length Λ differ negligibly for the first order reflections and different wavelengths. For the second order reflections the extinction length increases by a few times. Therefore, the approximation [4] that claims that for the low index reflections the primary extinction coefficient does not depend on wavelength used and for the second order reflection the primary extinction can be neglected and the primary extinction coefficient is equal to unity are valid for the films studied. The conceptions and equations from the work [4] can be applied to the correction of PD, determination of the coefficients of the primary and secondary extinction in ZnS textured thin films, and evaluation of the microstructure of textured annealed ZnS thin films. The PD in textured sample (P m ) is defined as I are the integrated intensities diffracted from the textured and powder standard samples. As the integrated intensity is measured for "infinite" powder standard samples, the integrated intensity diffracted from textured thin film with the thickness t must be corrected to "infinite" thick layer as:
where µ is the linear absorption coefficient, θ is the Bragg angle and φ is the angle of thin film inclination. The value of PD was determined using the the corrected integrated intensity of XRD peak for the film and integrated intensity of XRD peak for ZnS powder standard sample with cubic or hexagonal structure measured under the same space conditions. The determined PDs for different order of reflections and wavelengths, as well as the corrected ones by the proposed in [4] method are presented in table 2. The values of directly calculated PDs, which must be constant for a given direction, are in fact different for the first and second order reflections. The values of PDs for the first order reflections are smaller than those for the second order reflections due to a strong influence of the primary and secondary extinction. A small difference in PDs for the first order reflections with different wavelengths is evidently due to the secondary extinction. The directly obtained PDs are also smaller than the corresponding corrected PDs for all the films. The solution of the system of three equations for two PDs measured for the first order reflection with two radiations and one PD for the second order reflection gives the coefficients of the primary and secondary extinction [4] . The domain thickness l was calculated from the values of the primary extinction coefficient ε and the extinction length Λ [8] . The coefficient of the secondary extinction g was used for the determination of the average domain disorientation angle u . The calculation of the dislocation density N D at domain boundaries within the framework of the mosaic crystal model, using the values of l and u was performed as in [9] :
where b is the magnitude of the Burgers vector for ZnS with cubic or hexagonal structure, respectively. The results of the calculations are presented in table 3. It is important to note that these films have almost the same concentration of Cu and Cl dopants after the thermal diffusion at the annealing in the blend. Such microstructure modification leads to more homogeneous distribution of dopants in ZnS lattice owing to the decrease of extended defects as gatherers of impurities. These results confirm the proposed model [6] of the effect of Cu and co-doping element (Ga, and Cl) incorporation into Zn and S sublattices on the phase transition temperature.
Conclusions
An original XRD technique for evaluation of microstructure of textured ZnS thin films was applied in the case when the extinction phenomenon was observed. The data obtained showed that the primary and secondary extinction were present in the films after the special annealing. The application of this technique confirms the influence of the domain size and dislocation densities on distribution of Cu and Cl atoms in ZnS lattice and decrease of the phase transition temperature owing to the increase of the amount of Cu + -Cl -ionic binding.
